INTRODUCTION
In skeletal muscle cells, the activation of the plasma membrane dihydropyridine receptor induces, through the ryanodine receptor (RyR1), a massive release of the calcium stored in the terminal cisternae of the sarcoplasmic reticulum (SR). The set of events, that starts with the depolarization of the plasma membrane, sensed by the DHPR, and ends with the opening of the RyR1, is called excitation-contraction (EC) coupling. Several results have led to the conclusion that the skeletal muscle EC coupling is based on a mechanical process that is made possible by the physical interactions of the two Ca channels ( ). The transmission of information from 2+ coupling process ( ). At the same time, binding sites for different effectors and partner proteins have been identified. As part of the 10-12 search for molecules able to strongly modify RyR1 properties, toxins isolated from scorpion venoms have been described as being able to induce important modifications in RyR1 channel behavior. Nowadays, these toxins represent the most effective effectors of RyR1. Among them, imperatoxin A (IpTx A) and maurocalcine (MCa) have been extensively characterized both in terms of their effects on RyR1 and their three-dimensional structure ( ). Interestingly, these two peptide toxins present some amino acid sequence homology with the 13-18 domain A of DHPR subunit and structural studies strongly suggest that the beta-sheet structure of these toxins could mimic that of the α 1 domain A of the DHPR subunit ( , ). In a previous work, we demonstrated that nanomolar concentrations of MCa induces a dramatic α 1 16 17 conformational change of RyR1, witnessed by the increase in H -ryanodine binding (7-fold) and the induction of long-lasting channel [ 3 ] openings ( , ). The observed homologies in amino acid sequences and in 3-D solution structure have prompted different authors to 13 14 make the hypothesis that IpTx A and MCa could share a common binding site with the domain A of the DHPR subunit on the RyR1.
We have therefore undertaken the identification of the amino acid region of RyR1 that carries the binding site for MCa and/or the domain A of the skeletal DHPR subunit. RyR1.
MATERIAL AND METHODS

Purification of RyR1
The skeletal heavy SR vesicles were prepared from rabbit leg and back muscles by differential centrifugation, as previously described ( ). Vesicles were then solubilized in the presence of CHAPS, and RyR1 was purified by centrifugation of the solubilized proteins on a 19
sucrose density gradient ( ) and stored in liquid nitrogen. 20
Peptide syntheses
Peptides used in this work were synthesized as previously described ( , ), with the addition of an exogenous biotin on the 14 21
C-terminal amino acid of i) MCa synthetic peptide, ii) peptide A , corresponding to residues Thr -Lys of the DHPR 1s subunit, and sk 671 690 α iii) peptide C , corresponding to the residues Glu -Pro of the DHPR 1s subunit. 
Pull-down experiments
Polystyrene magnetic beads (500 g) coated with streptavidine (Dynal) were incubated for 30 min at room temperature in the presence μ of biotinylated peptide (100 g/ml in buffer A; 150 mM NaCl, 2 mM EGTA, 2 mM CaCl , pCa5 and 20 mM HEPES, pH 7.4). Beads were μ 2 then washed three times with buffer A and incubated for 2 h at room temperature with purified RyR1 (100 nM in buffer A). After washing twice with buffer A, proteins bound to the immobilized peptide were eluted by boiling the beads for 5 min in 2.5 SDS and analyzed by % Western blot using antibodies directed against RyR1 after separation on 8 SDS-PAGE.
%
Cloning and expression of RyR1 fragments
RyR1 fragments F1-F8 were cloned in pSG5 vector (Stratagene) by a PCR-based method using specific primers with a linker for further enzymatic digestion and insertion into the plasmid backbone ( magnetic-beads coated with the peptide of interest as described above. After overnight incubation at 4 C, beads were washed with 1°v olume of buffer A. The associated proteins were eluted in denaturing buffer and analyzed by autoradiography after separation on SDS-PAGE.
Expression of His-tagged RyR1 fragments in bacteria
RyR1-F7 fragment was sub-cloned into three shorter segments (F7.1, F7.2 and F7.3) by a PCR-based approach. Briefly, the cDNA was amplified using primers containing a linker encompassing a I site (in the 5 end of the forward primer) and a I (in the 3 end of Nco 
Transfection of COS-7 cells with RyR1 constructs and cytoimmunofluorescence
Wild-type RyR1 (RyR1wt) construct was cloned into a modified pCI-neo (Promega). Briefly, Nde ( excitation. Fluorescence emission was collected from 598 to 541 nm for Alexa , and from 554 to 625 nm for DsRed.
488
Microsomes preparation COS-7 cells were harvested in ice cold buffer containing 320 mM sucrose, 5 mM Hepes pH 7.4 and protease inhibitors, using a cell-scraper. Cells were then homogenized using a Teflon potter and centrifuged for 5 min at 7,000 at 4 C. Microsomes were then g°c ollected by centrifugation at 100,000 for 1 h at 4 C and resuspended in the same buffer. After quantification of protein concentration by g°B radford assay, samples were stored in liquid nitrogen. -ryanodine (10 nM) and caffeine (0 or 6 mM) or MCa (0 or 30 nM). Free and bound H -ryanodine were separated by filtration of the
microsomes on Whatmann GF/B filters and H -ryanodine measured by liquid scintillation. Non-specific H -ryanodine binding was
measured in the same conditions in the presence of 10 M unlabeled ryanodine.
μ RESULTS presents the primary structure of MCa, the domain A and the domain C of the II-III loop of the skeletal muscle DHPR. Figure 1A In Figure 3B and RyR1 F7 in reticulum membrane of transfected cells. These results also show that RyR1wt and RyR1 F7 are expressed at a similar Figure 3B addition, no effect of caffeine or MCa was observed on these control microsomes (data not shown). This data confirmed immunological and Western blot data showing a low level if any of endogenous RyR1 in COS-7 cells. In contrast, H -ryanodine binding was observed analysis, these results indicate a similar H -ryanodine binding ability of expressed RyR1wt and RyR1 F7. Activation of H -ryanodine
binding by caffeine and MCa is presented in . In the presence of 6 mM caffeine, we observed a 197 5 and 218 32 Figure 3B and
DHPR
subunit. Among these two sequences, fragment F7 displays the strongest interaction with MCa and peptide-A . We then Using an affinity chromatography approach, Leong and MacLennan identified a domain of RyR1 that interacts with the entire II-III loop of the DHPR subunit ( ). This sequence (amino acid residues 1076 to 1112) is included within our fragment F3 that we found to In conclusion, we identified the binding domains of MCa on RyR1. We also introduce the first biochemical evidence that MCa and domain A of the DHPR subunit interact with identical sequences on RyR1. In view of the important effects of MCa on RyR1 gating
properties ( , ), the RyR1 sequences that we identified in this report ought to play an important function in RyR1 calcium channel 13 14 behavior. The fact that domain A of the II III loop of DHPR binds onto the same RyR1 sequences re-opens the question of the role of the -domain A in the cont rol of RyR1 calcium channel activity in the context of the DHPR/RyR1 complex. Our results suggest that the two sequences of RyR1 (F3 and F7), that are involved in the binding of MCa, could fold together to create a unique MCa binding site. 6 9 HEPES: N-2-Hydroxyethyl piperazine-N-2-ethanesulfonic acid 
Figure 3
Deletion of the F7 region abolishes the effect of maurocalcine on H -ryanodine binding onto RyR1 expressed in COS-7 cells , Functional effect of the F7 deletion on C RyR1 binding properties. H -ryanodine binding experiments on purified cell microsomes showed that, while both constructs responded to [ 3 ] caffeine administration (6 mM), the deletion of the F7 fragment abolished MCa effect (30 nM).
